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FOREWARD

In 1958 the National Aeronautics and Space Administration established
a world-wide communications network which was used to successfully funnel
the radar and telemetry data to the Goddard Space Flight Center cowputers,
as well as the Cape Kennedy (Cape Canaveral) computers, to support the
early space missions, especially the Project Mercury manned flight series,
The network was based entirely on teletype speed transmission in the 60
to 100 word per minute range. By 1962 it was recognized that the missions
were becoming more frequent, wore complex and would involve high speed data
sources outside the Continental United States which the slow speed teletype
network could not service. Therefore, a modernization program was initiated
with the intent of establishing a system of high speed solid state switches
stratigically located to provide the highest degree of automation; allow
the use of a minimum of expensive long haul high speed circuits and give
the network a real-time communication capability to stay abreast of the
future projects including Gemini and Apollo,

The GSFC was the first switching center to undergo the modernization
process. A Univac 490 Real-Time Switching System was chosen for the main
switching functions and was installed during the month of December 1963.
An extensive study of the network requirements had been in progress for
approximately one year preceeding the equipment installation. These
requirements were interpreted into the programmable 490's and in March
1964 the system went into operation. Following is a description of the
system as it is in present operation.
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1.0 SYSTEM ARRANGEMENT

In order to accommodate the network requirements it was determined
that the following equipment was best suited for the job (see FIGURE 1).
It consisted of the following:

Univac 490 Real-Time Central Processors with 16K core
Univac FH 880 Magnetic Drums

Univac 1IIC Tape Servos

Univac 1004 Card Processor

t
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A system of input multiplexing of the data circuits was chosen
because of the large number to be serviced, Each circuit enters the
system through its individual line terminal which is a Univac CLT (one
character buffer). Both the five level baudot code and the eight level
ASC II codes are being used in the Center. When a circuit becomes busy
and an input buffer has received a complete character, a series of
interrupts are triggered in the logic of the 490 Central Processor. A
multiplexer has been assigned an address in the main core of the 490 CP
for that character and it is brought into the system. The CLT is then
ready for the next character. The transfer is accomplished in a total
of 20 micro-seconds which is much faster than the input circuits can
perate. This rapid scan time of the multiplexer insures that all inputs
will be serviced in a real-time mode, even when they are all busy at
the same time.

At the present time, each multiplexer occupies one of the 14
channels into the Central Processor core; therefore, four channels are
used to service the four multiplexers, Each multiplexer has the capa-
bility to service 32 data inputs or circuits in a full duplexed mode
for a total of 128 circuits. This is by no means the capacity of the
system, as the multiplexers can be cascaded onto each other should the
network grow to that extent. In a peak load condition with all circuits
busy at 100 wpm speeds, each input would necessarily be serviced each 1000
micro-seconds. It requires 20 micro-seconds for each busy CLT or a total
of 1000/20 or 50 busy circuits maximum for each channel. Assuming a
iogical 25 percent loading of the circuits at any particular time would
allow 4x50 = 200 circuits per channel, which is more realistic when
thinking in terms of total capacity.

As stated before, each CLT has been assigned its own small area of
core in the Central Processor where incoming data is stored for that
particular circuit. This is one of the more important features of the
490 Central Processor for this application in that it requires no
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internal machine cycle time to service the inputs and outputs once the
input or output mode has been established, The data is stored in its
own location within the Central Processor under control of programmed
hardware.

Once inside the CP the data is packed into five. character words
and transferred to the FH 880 drum in a location which is remembered
for future use. When sufficient characters have been received to
completely identify the sending and receiving addresses, the receiving
circuit is status checked. 1If available, the message is sent in real-
time as it comes in. If not available, a notation is made in the
"things-to-do'" table and at the first opportunity the message is sent
and the notation is removed from the ''things-to-do'" table.

The data is not removed from the drum at this time as there are
several uses for it in other programs. It must be logged, journalized,
stored for future reference or recall, and so forth. 1In order to provide
a system of indiscriminate sending and receiving messages into an on-
line device, systematic layout of the drum was designed as follows:

It was divided into five time frames of eight hours each. These time
frames are somewhat related to five rotating sections on the drum, each
section containing a complete eight hours of traffic. At the end of
eight hours, of traffic on section 1, section 2 is used for the next
eight hours; section 3 and 4 utilized next in turn. However, when
section 4 is being filled, a comparative search is made of section 1.
Any message found to have been sent is transferred to tape and erased
from the drum. Any message which is found not to have been sent is
transferred to section 5 of the drum and all references to the drum
address of this message are changed to the new location wherever it
might be stored in memory such as in the "task" table. This procedure
insures that one section of the drum is always available for new traffic
in advance of the filling of the iast section to insure that a saturated-
condition cannot exist on the drum.

The output of data from the drum, through the Central Processor core,
through the multiplexer and to the correct CLT is a reverse of the input
cycle. The.message is retrieved from the drum, unpacked from the 5
character words and placed in the correct output buffer for transmission
to its destination. The output mode is established between the CP and
the CLT and the message is sent, character by character to the receiving
site.

A representative sample of the CLT and multiplexer is shown on
FIGURE 2 and the equipment arrangement is shown on FIGURE 1.
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2.0 SYSTEM FEATURES

The 490 system of traffic switching accepts inputs and outputs the
same way as other teletype networks, except that once the message is
entered into the 490, it is read, interpreted, directed, corrected, 'if
necessary, and sent to its destination automatically providing enough
information is received to determine the addressee(s). If a trouble
condition exists in a message, it is interpreted by the programs and
a print-out which states what is wrong with the message, is sent to
the proper service equipment. These print-outs are called Advisory
Messages which call for some action by the responsible person. The
print-outs call attention to such things as:

Invalid SOM (start of message)
Invalid Precedence

Invalid EOM (end of message)
Message Sent

Message Held (with drum address)
Garbled Message

o oo od

These features are all designed to help the operations personnel
service the network. There are also many side benefits which are
primarily of more interest to the engineering planning and analysis
personnel. Many of the basic parameters for network engineering and
aalysis have been incorporated into these programs, such as:

Message Count

Word Count

Busy Circuit
Traffic Backlog
Circuit Outage
Circult Assurance
Network Utilization
Transmission Errors
Network Loading

oSO D oD

These parameters are built into the programs and can be recalled in
any desirable form. They are mostly associated with the slow speed TTY
circuits, but in the very near future the center will be switching high
speed circuits. Different techniques are required for the necessary
handling of these new circuits. They require different programs in order
to identify various parts and pieces of messages, as well as different
parameters which are covered by the data.

High speed circuits are to be used to carry traffic between the major
NASCOM switching centers, and also to connect to the various computers at
GSFC and outlying locations. The center will connect to three IBM 7094's



in the installation, with a transfer rate of 40.8 kilobits per second.
Each computer in the system presents a new and different set of inter-
facing programming problems.

The 7094 interfacing programs are required to accept the regular
NASCOP formats and perform the necessary message accounting. With the
knowledge and familiarization of the 7094 functions we are progressing
on these programs.

There are plans at GSFC for interfacing other computers which do
not conform to the 7094 type of task. These are ultra-high-speed
computers which will be used for data reduction associated with the
various scientific satellites such as Nimbus, Tiros, Relay, SYNCOM,
and so forth. The 490's will be required to store data for varying
lengths of time and on pre-arranged schedules send this data to the
using computers at very high speeds. New techniques are needed for
these tasks as the requirements are finalized. New types of data
handling programs are being investigated which will assure better
reliability.

3.0 SYSTEM DESIGN

The basic premise for the application of the 490's to the NASCOM
network was 100 percent reliability and a flexible input handling
technique. The reliability is assured by using two 490's in the system,
either of which can perform the complete switching job, and also
execute the important programs in such a manner that only solid state
circuitry is involved in the switching chain. Although a 1004 Card
Processor and tape servos are a part of the overall 490 system, only
the main frame logic and core storage plus an FH880 Magnetic Drum are
used in the main switching chain. As long as one main frame and one
drum is operable, the system can perform its basic job of switching
the traffic. The system can remain in this status for extended periods
of time under emergency conditions.

Flexibility of inputs has been achieved through an intensive
programming effort coupled with a communications oriented processor.
To achieve the most flexibility in the system, a study of other networks
was necessary. In some cases involving the other networks studied it
was found that strict adherence to pre-planned formats, message lengths,
acceptance times, and so forth is required; otherwise, the messages
are not accepted. In other cases, polling of input circuits determines
when a message will be accepted. This imposes varying degrees of
restrictions and regulations on the operators in the field and will
not support a real time network as used in NASCOM.
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The 490's in this system are programmed in such a manner that all
inputs are accepted without restriction in real-time. There is a
recognized format which is thoroughly covered in the NASCOP operating
manual. Any input will be accepted and forwarded by the 490 programs
regardless of any non-conformance to the recommended format, but such
non-conformance is noted on the intercept position. 1In some cases,
insufficient information may exist to determine the addressee, there-
fore, making it impossible to forward the message. This situation has
been given consideration, and a notation at the intercept position
will state that the message is being held. It will also state the
drum address where the message is stored, enabling it to be recalled
for any required action by the operator at GSFGC.

4.0 WORKING PROGRAMS

Instructions are grouped together to form individual programs
which perform their specific job. Some of these programs are long
and complicated (validation), while others are short and quite simple
(various advisories). Each has its place in the overall picture and
is called upon to act when it has a job to do. For example, the
advisory to inform the service area of an excessively long message
(which could indicate a stuck tape or an open circuit) is only called
upon when this situation arises. The input program, on the other
hand, is involved with every character entering the 490. The assign-
ment of the programs, when they are needed, is under the direct control
of the Executive Program, ''COMEX. "

4.1 Comex

In order for the system to be in a position to perform at
maximum efficiency in a real-time mode, an overall supervision of the
individual jobs to be accomplished is required. There are a myriad
of details involved in supporting a network such as NASCOM and each
of them must be performed as soon as possible, however, only one job
can be performed at a time (an exception to this is simultaneous input
and output). Also, some jobs are more important than others. For
example, it is much more important in relation to machine time to
service a busy input than it is to write a message on tape for use
some time in the future. The message is available for transcribing for
many hours, but the input would be lost in, say 100 milliseconds, even
less on a high speed input.



A parable to the comex control or executive system is the "job jar"
which is present in many households. A jar is kept in the house and as
tasks present themselves, a notation on a slip of paper is placed in
the jar. Whenever time presents itself, a task slip is taken from the
jar and assigned to the person responsible. This process continues until
the jar is empty. 1In fazt, in an efficient arrangement, there should
never be more than one task in the jar at any particular time. Experience
shows, however, that this is not the case.

In the 490's, with the many tasks to be accomplished, approximately
50 individual worker programs have been written, each with its own
specialty. One inputs the data, one outputs, one packs the characters,
one stores to the drum, etc. Comex, as master of the '"job jar' assigns
the tasks to the responsible worker program. Upon completion of the
tasks, the worker program erases the task from the task table and returns
control of the system to Comex. Many times completion of the task involves
parameters which are beyond the control of the worker program. For example,
transmitting a multiple address message to all addresses at the same time
requires that all of the circuits involived are idle at that time. Some-
times this is not the case. Therefore, the worker program must send the
message to the addressees whose circuits are available and make a notation
or "job-slip"™ for those remaining. The notation is placed on the 490
"task-table'" ( job-jar) with an associated priority. When time presents
itself, and it does in the 490, the worker program checks the circuits
again for availability. If the job is completed the task slip is erased.
If not, it is left on the task table.

Comex always knows where a worker (program) is located. When Comex
checks the task table, the task is assigned to the address which is
associated with the task. In other words, reverting to the household
job-jar, if the pipe is in need of repair in the basement, the task slip
is sent to the basement. If the leak were in the kitchen, the slip
would be sent there, etc. In the 490's, the responsible program is
always at the correct location and prepared to act.




Comex devotes the majority of attention to inputs and the remaining
time is spent on the myriad of details involved in the servicing of a
message through the network. For the most part, the decisions made by
the 490 are hidden deep inside the various programs, but the results of
the decisions are readily apparent. They are covered in this report
under ''System Features."

5.0 NEW PROGRAM IMPLEMENTATION

The most strict control possible is maintained to insure that any
change to the programs does not adversely affect the operation programs.
This control consists of verification, test, and simulation methods.

When a change is made on any of the circuits, sites, or NASCOP procedures
the detailed requirements are submitted to the programming group. The
task is assigned to a specific programmer for implementation.

Upon completion of the coding, assembly and debugging, it is given
to another programmer for his verification and concurrence. 1t is then
submitted to the programming analyst to assure that the change will
actually perform and will integrate into the total system. At that
point, the change will be made on a simulated off-line basis in the
back-up 490 system. It is run for the required period of time and the
results are analyzed from an individual program basis and system basis
to re-assure that none of the important information storage locations
have been inadvertently modified. When everyone concerned has agreed
that the change is valid, it will be incorporated into the system
programs for on-line operation. This system of documentation will
insure that the most minor network change will not cause a series of
events which would disrupt the operational programs.

Along with the actual work, a filing system is kept on magnetic
tape. This file lists all the pertinent information concerning the
individual circuits and also contains the actual configuration of the
various modules which are used by the 490 to describe the individual
circuit parameters. Its main use is to keep an up-to-date network
file as it actually exists. When a circuit parameter changes, and
the program is modified accordingly, this file is printed on the 1004
either in whole or in part. A complete network print-out may be taken
at any time and varied as to particular needs. All modifications to
the circuit parameters are made from this master file; when the modi-
fication is finally incorporated into the NASCOM system programs, the
file is up-dated also. A system of verification by program, insures that
there are no errors in re-storing the up-dated file back onto the tape.
These verification programs are covered in this report under '"Utility
Routines."



6.0 CONSOLE OPERATION

Prime function of the control console is to activate and initiate
a worker program held in memory. This is done by manual key or via a
35 ASR. The console has the capability to perform various functions,
such as:

Open and close stations

Set stations operational or non-operational
Set or clear alternate routing indicators
Circult status reports

Reset channel numbers

Initiate message recall

Request specific table listings

. Initiate alternate routing

Initiate normal and emergency transfer of control from one
processor to the other

j. Restart validation

FeSoa D AN oW

A standard format must be observed when addressing the CP via the
35 console. All characters keyed into the CP will be disregarded until
a start of message function ($) is received. 1t is necessary to give
information to activate a particular program following the SOM. The
information must be in the form of 3 alfa character identification
code which describes the function to be performed. This code may or
may not be followed by elucidating parameters. Following these para-
meters is an optional 3 alfa character code which is significant only
with particular entries. Arguments may be present and must follow in
an alfa-numeric sequence (A-Z, 0-9) or will be rejected. Upon completion
of all necessary entry information, an end of message ('.') must be
sent; then the CP will take action on the request presented.

Each entry will generate a disposition message. This message gives
the current derived time from the day clock, the function identification
code and a message acknowledgment which indicates the entry was made
or an error response which states why the entry was re jected.

The console has the ability to backspace and delete the last
character entered. Three consecutive backspaces will terminate the
message being entered.

7.0 SERVICE AREA

The service section plays an important role in the operation of
the Communications Processor 490 Real-Time System. Although messages
are not held, according to a recent survey, 15 per cent of all incoming
traffic will go to the service area. The service area section consists
of the following:




a. Four teletype Model 28 RO's
b. Four teletype Model 28 ASR's

Two Model 28 RO's are used for Journal Listings. There are two
types of Journal Listing; normal and recall. These two RO's are on
rotary; if one is busy you can use the other. If necessary, every-
thing which is received on the RO's can be put on tape for future use.
The information appears on the normal Journal Listing as input channel
designator, input channel letter, input time word and date, output
channel desigrator, output channel letter, output time word and date,
the Julian date, the internal message number and the entire message
heading to the first letter Z. The information appears on Recall
Journal Listing as input channel designator, input channel letter,
input time word and date, output channel designator, output channel
letter, output time word and date, the date, internal message number,
recall request message, supplement heading letters Z and original
message heading letters Z.

The other two rotary RO's are used for Communications Processor
generated Advisory Messages. Most of the messages received on these
RO's will not require immediate action for they are primarily for
information purposes and will not be numbered, journalized, or stored.
There are two types of discrepancies and operational messages directed
to non-operational stations. The advisory informs operating personnel
that no other errors are involved in the message, and the message is
forwarded to all addresses. The information as it appears on the RO's
is; input channel and letter designator, input date-time word,
invalid channel number, last valid number received, an operational
message directed to a non-operational station, input message through
the first double 1 ne feed.

Two Model 28 ASR's on rotary are used for intercept traffic.
All messages on these machines are available for normal recall from
the drum. They are also recorded on tape, but are not available for
recalil from the tape because no journal entries are made for this
traffic. All messages of the type which require action on the part
of switching center personnel appear on these ASR's. All traffic
directed to intercept by the validation routine is placed on a common
queue for delivery to the intercept position. Some of the station
discrepancies that cause the CP to generate a message to the Intercept
ASR's are:



Invalid channel number

Invalid start of message

Invalid precedence

Invalid routing indicator .
Operational traffic to non-operational station
Invalid end of message

hOo Qoo

The print-out on the ASR is; input channel and letter designator,
input date-time word, and type of error followed by sent or held.
When the message is forwarded with an error in the precedence or
routing indicator, the station to which it is sent is listed following
the word SENT. When the message is forwarded with an invalid start
of message or operational to non-operational error the word SENT is
present but not the station listing. When the error is an invalid
channel number without last valid number received, the word HELD is
present and no stations are listed, but the drum address where it is
stored, and the input message through the first double line feed doex
appear.

If there is an invalid end of message on a line other than G3CP,
the message is sent to the intercept ASR, the end of message (FIGS H
LTRS) is inserted at the end of the message and action is taken for a
valid ending.

Another Model 28 ASR is used for all traffic addressed to GSPA,
It is available for normal recall from drum or tape.

The last Model 28 ASR is used for all transmitted’ traffic
originated from GSPA! this includes intercept traffic corrections
and is also available for normal recall from drum or tape.

Intercept corrections use VALIDATION, and FIX-IT routines.
The VALIDATION routine validates the routing indicators, when it
gains control from the FIX-IT routine, and lists the drum address
of the supplementary heading on the proper output queues. The FIX-IT
routine utilizes the supplementary heading and drum address (supplied
in a message from GSPA to GSCP) to forward previously intercepted
messages to their proper addresses.

8.0 FACILITIES CONTROL INTERFACE

8.1 CP Access to Distant Stations
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8.1.1 Multiplexing - Communications transactions are handled
by the CP on a character multiplexing basis. Character multiplexing is
defined as one character being sent to the CP from one communications
line terminal (hereafter referred to as CLT) before control is sent to
another active CLT for a one character transmission. Some CLT's being
of a higher priority due to character speed, are sampled by the multi-
plexer more frequently than others. One communications multiplexer
accommogates up to 64 CLT's, and another CLT accommodates one commun-
ications line in one direction. CLT requirements for various types of
circuits are:

a. Full duplex - 2 CLT's ... 1 send and 1 receive
b. Half duplex - 2 CLT's ... 1 send and 1 receive
c. Simplex - 1 CLT ... (either direction)

The switching speeds of the Multiplexor and the CP offset the
possibility of lost characters.

8.2 Basic Circuitry

Each CLT termination "appears' in a set jack corresponding
to its associated circuit at the Facilities Control Board. Each CLT
is operated directly by the DC loop and associated keying.

A patah cord inserted into the CLT jack, "physically 1ifts" the
CLT from the circuit; %hus, disabling that particular leg of that
particular circuit,

All CP associated teletype equipment also '"appears' on the
Facilities Control Board on jacks and are '"hard wired" directly to
the CLT's which service them,

8.3 Commurizations Interruptions

Generaliy, communications interruptions fall into the following
two categories: »

a. In-house troubles
b. Communications path failures

8.3.1 TIn-house troubles - Generally, in-house troubles are

due to equipment failures. At the GSFC, these equipment failures fall
into two categories. These categories are:
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a. CP associated equipment
b. Teletype and associated equipment

Once it is determined that there is an apparent in-house trouble at
GSFC, the Facilities Controller must test to determine the source of
trouble. This requires close coordination between the Facilities
Controller and the maintenance forces of the Western Union and the
Telephone Company, as well as the CP engineer.

Certain equipment patching may be implemented to restore service
to CP associated teletype equipment. This is done by patching a spare
teletype machine into the CLT which normally services the affected
teletype equipment. A defective CLT also may be patched to another
currently unused CLT, pending restoration of the affected CLT. However,
due to the physical wiring relationship of each circuit to its associated
CLT, it is imperative that this change be implemented in both the CPCC/490
area and at the Facilities Control, All other CP associated equipment
failures must be handled by the CPCC operator and the Univac engineer.

8.4 Circuit Assurance

Circuit assurance functions are conducted by the CP which are
very similar to those functions now performed manually., The CP, however,
queries stations on an incessant basis rather than at random.

Each station that is equipped with circuit assurance answer-back
equipment is tested and if the resulting reply is incorrect, or if there
is no reply at all, the CP continues to test this station until it gets
a good reply or until it queries the station five times without a good
reply. At the time the circuit is tested five times without receipt
of a good reply, the circuit assurance program within the CP considers
this circuit to be out of service. The CP then takes the appropriate
action to insure that no further traffic is sent to this station and
alerts the Facilities Control with a message stating the following:

Time

Station

"CA Report"

Number of ''mo replies”
Number of ''garbled replies"

o an oo

8.5 Facilities Control Advisory Monitor (VLAQFACS)
8.5.1 Purpose - The Facilities Control is equipped with a

Model 28 RO which is utilized by the CP to automatically inform the
controller of garbled/open circuit and circuit assurance reports.
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8.5.2 Circuit Garbled/Open - If a circuit begins garbling
or goes at random, the CP informs Facilities Control on VLAQFACS as
follows:

a. Station
b. Current time
¢. Print-out of garbling/open

9.0 UTILITY ROUTINES

As the NASA Communications Processing System expands, many recurring
services to the CP's may be performed more efficiently by designing the
various utility routines needed for their execution. 1In this manner,
responsibility for the correct completion of these tasks is transferred
from the console operator to the CP. The need for many routines can be
foreseen at present and several of the applications are listed in the
following paragraphs.

9.1 Tape to Drum

This routine loads a fixed format tape into a designated drum
address in one of the following methods:

a. With a compare of present contents
b. Direct load without compare of present contents

Format XXXXXXXXXXXX YYYYVYYVVY 2222222222

a. x = drum address
b. y = present contents of drum at this address
¢c. 2z = new contents to be entered

* 1f no compare of present contents is required, second word
(y) would be deleted when making tape.

The Program Tape to be loaded is mounted on a servo and read into
the core and started. The operator than makes a console entry designating
a compare or no compare load. If no compare is requested, the tape 1is
loaded to the drum and the routine closed out. If compare is requested,
the content of the drum address is compared to the tapes present content
and, if equal, enter new contents. If present contents do not compare,
the routine sends the content of the drum to the console for a decision
on making the change to this address. After all changes on tape are
made, the program will close out.

13



9.2 Tape to Core

The routine is the same as tape to drum except the change affects
the core only and is lost by bootstrapping the CP.

9.3 Type-Out Counters
Routine counters are placed on a routine-contained list and their
contents printed on console at a designated time, or whenever requested.

Typeout on console is in a format similar to the one below.

Format wwwww is xxxxx was yyyy dif zzzzz

counter name, number, or address

= present contents in octal

= contents when last requested in octal
differernce in decimal

i
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9.4 Octal to Spurt

This is a conversion routine for tape stored routine which converts
machine instructions to a XS-3 coded spurt equivalent and stores in a buffer
for output to the 1004 printer.

9.5 De-bugging Aid

This is a routine which interlaces with a designated program that
is in a process of being de-bugged. This routine has the ability to save
specific registers and other relative information during the occurrence of
a designated set of circumstances within the program being de-bugged.

10.0 MODULE AND CIRCUIT INVENTORY RECORDS

The growth of the NASA Communications Processing System necessitates
many equipment and programming changes and a flexible method of establishing
and maintaining an inventory of these changes has been devised.

The variety of records that are required seemed to eliminate the
possibility of a fixed word count and format. The Module and Circuit Records,
are outlined below and any additional records of this type will follow a
similar format.

10.1 Module Record

All permanent on-line module information is duplicated on
magnetic tape. This information, preceded by certain processing program
requirements, is the basic module record. Orme tape block contains one

record. The following example is the present format for the variable
length module record:
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first word: number of words in module; ESI number
first word plus 1: base address; spare

first word plus 2: £first data word

first word plus N: last word*

a0 oo

* First word plus two through word plus N will be variable according
to module length.

This record serves as an inventory of all modules and their current
assignment. Maintenance to these records are frequent and for this reason
simplicity in design was stressed.

A Module Record Maintenance Routine reads one tape block, identifies
the ESI number, makes the necessary change to the record, and rewrites the
new record on a new tape. In event there are no changes to be made, it is
written on the new tape 'as is" and the next tape block is read into the
core.

A Module Record List Program reads a block, converts all information
to be printed on the 1004 card processor printer to XS-3 cord, packs the
output buffer in the format required, and gives control to the printer
routine.

10.2 Circuit Inventory Record

The Circuit Inventory Record contains all information relative
to an individual circuit. The information is stored on magnetic tape; one
record per tape block. Some of the requirements are listed below:

Circuit number (or record number)
Routine

Drops

Carrier

Associated project (if any)
Line speed

Date of service

History

Part time or full time
Associated equipment

FDX, HDX, Simplex

D0 HO AN oo

The records are maintained for report reference, and as an inventory
of stations and equipment associated with each circuit.
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The accessing programs read one tape block into a designaged core
area and identifies the circuit being processed. Report programs retrieve
needed information from the record, process it and read the next tape
block. Record up-dating programs make necessary changes, if any, and
re-write the block on a new tape. Processing programs do not write on
the input tape, for new tapes are made when changing record information.

11.0 METHODS OF TESTING
11.1 Format Line Concept

To conform with NASGOP, errors are selected by format line;
that is, SOM, routing line and so forth. Each line is broken into a
series of probable errors which may be encountered in a normal teletype
message. Although each error is pre-conceived and placed in logical
sequence; it is impractical, if not iImplausible, to generate an error
to simulate all possibilities in advance. Experience in operating the
system brings to light new error combinations continually.

Errors, which were selected on a past experience basis as typical,
were adopted as a practical means of evaluation. The most common error
being extra "letter functions" which are inserted at the beginning of
the message to provide a leader to accommodate the tape transmitter.

11.2 Mixed Combinations

Mixed combinations are designed to achieve error results
which are not achieved by single format line errors. These combinations
when properly synthesized create special conditions such as ''misrouting'
or "held for validation,"

Message identification is obtained by several means. To eliminate
identification by means of serial progression from full identification
*o no identification is a method to determine the message delivery cut-off
point.

11.3 Radar and Telemetry Format
A "JJ'" identifier in the SOM of a wmessage denotes telemetry or
radar data. An attempt is made to disquise this identifier by adding extra
letters or leaving one of the J's out,
Header identification is gradually eliminated until no idemtifieation

is present. This is to test at what point JJ data would be lost because
of garbled headers.
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11.4 Service Forward, Message Recall and Set Count

The numbering sequence and other characteristics preclude any
pre-conceived fixed messages; however, the format to be used, with examples,
is pre-cut. The teletype tape for each test is cut just prior to the testing
cycle.

11.5 Master Tape Log

The master log is a serial listing of the teletype test tapes. It
is composed of numbers and letters relating to teletype format lines, that

is, format line 1A, 1B, 1C ..., format line 2A, 2B, 2C ... and so on. Also,
each category such as JJ Data and Mixed Combinations is listed as JJ1, JJ2,
JJ3 and MC1, MC2, MC3 ... respectively. FEach serial number is referenced to

a particular error which has been pre-conceived. This numbering system is
open-ended to facilitate additional listings where applicable.

11.6 Test Folders

The test folder has a number corresponding to a serial number in
the master log. Each folder contains a master test tape, a "hard copy" of
the message on the tape, and a data sheet to annotate test results, The
master test tapes are standard five level, clear hole, mylar tapes. A
useable test tape may be cut from the master, always maintaining the wmaster
as a permanent record. An envelope is affixed to each folder which contains
the master tape,

The text of the ™hard copy" explains the type of error which is
encountered when utilizing the enclosed test tape associated with the message.

The test results are in the form of notations regarding significant
information about the characteristics observed during the testing period.
These results may be a basis for change in the future operating techniques
or format,

11.7 Progress Reports

Progress reports are submitted weekly summarizing the various
stages of completion. The intent of each report is to disseminate infor-
mation among cognizant personnel, concerning the testing and documentation
phase.

11.8 Test Run Results

Folders are made that contain the input/output information (receive
side and send side) with any intercept or advisory messages which may have
been generated. The tests are listed by run numbers relative to each format
line.
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11.9 Adapting Tapes to Program Debugging

The beginning conditions as set forth in the Univac Systems
Manual are programmed to achieve the original requirements. Each tape,
when related to program evaluation, is used to check a specific function.
Program errors may be detected when a tape fails to be processed
correctly.

11.0 Program Analysis

In some cases tape errors have generated conditions which were
unusual or which were not postulated. These errors provide the impetus
for program changes, and new programming concepts may be formed as a
result of these simple or compound errors.

11.11 Adapting Tapes to Operational Debugging

The system input and output is simulated with several ASR-
28's. One teletype is chosen as a "send side" and another is chosen as
the '"receive side." As each tape is sent, the receive side 'hard copy"
is evaluated along with any service messages which are generated by the
CP and is compared with the send side. When an entire group of error

tapes clear the CP and are correctly forwarded, the operational conditions
are satisfied.

12.0 490/7094 INTERFACE

The 490 is a replacement switch for the 83B2 (AT&T) switch which
was installed to direct radar teletype to the 7094's, and to direct
text teletype from the 7094's to the operating sites in support of the
Mercury Manned Space Flight Missions. A total of 14 incoming and three

outgoing teletype circuits are involved., These circuits are a mixture
of 60 wpm and 100 wpm,.

During non-mission periods, the circuits are used for network
checking and routine messages.

The old interface was a manual "patch cord." A one-for-one
situation which passed all traffic on the circuits to the 7094°'s.
To be able to use these circuits to support other missions not
involving the 7094's, a means of directing traffic was needed. The
490 provides the directing ability, and the message header provides
the direction of the message.
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Interfacing in the new manner brought with it several problems,
as follows.

12.1 Reliability

To provide 1C0% assurance that all radar data is received
by the 7094's, all data formats plus any message which is in such a
distorted state that it cannot be recognized as a valid text message
is rocted to the 7094's,

The 490 programs do not examine the text of these messages, but
the 7094 programs do perform checks to insure proper data. Therefore,
text messages will be rejected by the 7094's.

12.2 Cowpatibility with existing equipment

The existing inputs to the 7094's is through an IBM 7261 S/P
converter, 7281 channel multiplexer and into the 7094 core buffers.
Both 60 wpm and 100 wpm channels are installed in the 7281, To debug
the interface programs, we use the same speed output from the 490,
Other wise a lengthy re-alignment would be necessary each time we
tried to debug.

12,3 Formats-Incoming

Two routing indicators are assigned to the 7094i's for text
type traffic. The original radar routing indicator, consisting of two
J's (JJ) is retained.

12.4 Formats-Outgoing

The 7094's ard any other originator of messages in tha t areca
were given an instruction manual which details the formats to be used
in the NASCOM network.

12.5 Message accounting

The 490's are programmed to maintain a message accounting for
all messages entering the network. This requires the originator to
generate a sequential number for every message. The matter of the
sequential number posed a serious problem to the programmers of the
7094's. There are three 7094 computers involved and anyone of them
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can transmit at any time. Therefore, to generate a sequential number
for each message would involve up-dating all computers eech time a
message is sent. There are several 7094 programs involved also

which would necessarily be initialized to the present message count.

It should be noted that a message received out of sequence will
not restrict if from being transmitted to the receiving station, but
only causes an advisory message to be generated by the 490 explaining
the situation, plus, intercepting the complete message for remedial
action, In the case of the 7094's, all traffic would be intercepted
from the time of the first non-sequential number received.

To offset this, the 490 is programmed to accept a ''set count"
message. Upon receipt of this message the 490 initializes the message
count of the originator to zero. Therefore, each program used in
the 7094's need only generate a set count message and start all
messages at zero count, which solves the problem of synchronizing
a counter in three computers,

12.6 Cadfiss

This is a network checking program which has been in existence
for some time. It sends a message on each circuit and waits for the
answering message, analyses the results and forms a norm for traffic
reliability for the network.

As there are no programming checks made on the returned messages
to the originator, a one-for-one circuit network is used. When a
message enters a particular channel of the 7094 it is assumed to be
from that station. This posed a message accounting problem again.
To insure the proper return to the 7094's each 490 incoming circuit
was assigned a corresponding outgoing ¢ircuit to the 7094's. 1In this
way, the 7094 programs are assured that they are receiving the correct
returning traffic.

As stated before, the present programs are directed towards our
slow speed teletype traffic. While very important, these circuits are
relatively easy to handle when compared to the high speed (1200-4800
baud) data. As we pick up the higher speed circuits, new programs
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must be developed particular to the needs of the circuit involved and
unique to the type of data being transmitted. We believe that these
new teletype circuits will be relatively easy to incorporate, for we
have considered most factors within the program concept. However,

new types of data such as the Digital Command System (DCS) with its
partial recall critieria requires a complete new concept of the recall
program. It will also be a part of the main operating programs and

as stated before, any change to these programs requires the most
serious, and comprehensive planning and debugging possible.

We also have several requirements for inventory type programs
which furnish us a print-out of any or all of the network at any time.
We are presently working on the means for up-dating these programs as
new circuits, equipment, and so forth, are added to the network,

Fortunately, the matter of circuit inventory up-dating 1s automatic
with the 490. 1In the past, we have had no centralized system for listing
all of our circuits and an inventory required extensive research and _
must time. With the 490's, however, every circuit must be connected to
a CLT and programmed for in advance. We, therefore, have all of the
required information to maintain the complete up-to-date inventory at
hand. It requires only an up-dating program to maintain the inventory.
There are many other uses for the 490, in this type of "off-line' work
and which will present themselves in the future. This is a continuing
project and as other uses are found and implemented, this report will be
up-dated and the information will be distributed.
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Figure 1. Equipment Arrangement
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